INTRODUCTION
The hedgehog family proteins (Desert hedgehog, Sonic hedgehog and Indian hedgehog) act as morphogens during vertebrate embryogenesis and organogenesis. Morphogens are signaling protein molecules secreted from a localized point that form a concentration gradient capable of determining the fate of developing cells located within this gradient in a concentration-dependent fashion. 1, 2 In the recent past years, researchers have reported that hedgehog family of proteins are involved in thymocyte development. 3, 4 Sonic hedgehog (Shh) and Indian hedgehog (Ihh) have both been reportedly said to be regulators of T-cell development within the thymus. 2, [5] [6] [7] Shh is said to arrest thymocyte differentiation at the CD25 + DN stages, derailing procession to DP CD4 + CD8 + thymocytes. 3, 8 It is well documented in immunology literature that T lymphocytes are produced in the bone ).
The role of desert hedgehog (Dhh) in thymic development has not been clearly established yet. Away from thymic differentiation however, Dhh has been found to take part in regulating the morphogenesis of the testis. 9, 10 Elsewhere, researchers report that Dhh stimulates theca cells proliferation and steroidogenesis, and over expression of Dhh gives a range of embryonic and adult skin manifestations, demonstrating that it can regulate epidermal homeostasis, including tumor formation-in this case acting as a functional homologue of Sonic hedgehog Shh. [11] [12] [13] The hedgehog signaling pathway is said to play a pivotal role in development of a variety of human tumors such as breast cancer, gastric cancer, colorectal cancer, pancreatic cancer, prostate cancer, brain tumors and basal cell carcinoma when inappropriately activated.
14,15 All of the above studies on the role of Hh family proteins were carried out on a murine model. In the current study, we aim to establish the exact role of Dhh in thymic differentiation using murine thymuses.
METHODS

Flow cytometry
In order to analyze the thymic phenotypes of different sub-populations and see whether there is any comparative abnormality (in homozygous Dhh-/-and wild type Dhh + / + mice) fresh thymocytes were stained with fluorescentlabeled mAbs anti: CD4-PE, CD8-TRI, CD3-FITC, CD5-FITC, CD44-PE and CD25-FITC (e-bioscience). Cells from smashed murine thymuses were prepared in suspension at 106/ml in Phosphate buffered saline/5% fetal calf serum/0.01% sodium azide and for each stain 105 cells were stained with the relevant antibodies for 30 minutes on ice. Following this incubation period, cells were washed using the above medium and centrifuged for 5mins at 1300rpm. They were then analyzed on a FAC Scan (BD Biosciences) at the Barts and the London school of Medicine and Dentistry. Live cells were gated by FSC/SSC profiles for analysis. The data shown (Appendix 1) represent more than 3 experiments.
Data analysis
After all experiments, data was analyzed using flowjo (Treestar USA) where dot plots were generated in batch and printed for further analysis. All data was simplified by setting the WT control to one and expressing all other data relative to the wild type.
This data is presented here in graphs using Microsoft excel. Statistical test was carried out using paired Student's t test for every set of results and significance of the results was reported as anything equal or less than P=0.05. In absolute terms, the actual number of all DN thymic subsets in Dhh KO mice calculated by adjusting numbers according to thymus size, was found to be increased relative to their wildtype counterparts. -) thymocytes have not committed to T cell lineage yet, whereas DN2 and DN3 thymic subsets have started to rearrange their TCR β-chains and are now committed to the T cell lineage. 16 There was a marked increase in all CD25 + thymocytes (DN2 and DN3) (Figure 2 and 3 3 Thus, a Dhh signal could be a negative regulator of thymic differentiation as early as the DN1 stage in development and then as TCR-chain genes are rearranged and expressed, these differences may become amplified subsequent to signalling through the TCR β-chain gene in the context of the pre-TCR complex. We believe the significant increase in CD44 -CD25 + DN3 thymocytes in Dhh KO mice relative to WT control can be attributed to this process of pre-TCR signaling as proliferation of this subpopulation is a welldocumented downstream event following signaling through the pre-TCR. However, though there was still an upward trend in terms of numbers of the next CD44 -
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-DN4 thymic population (Figure 3) , the difference between Dhh KO and WT control was not statistically significant. Furthermore, although an increase was observed in the actual number of DN4 subpopulation there was no increase in the actual percentage of DN4 which would reflect an increase in numbers overall following greater proliferation of the DN3 but not an increase in thymic differentiation from DN3 to DN4 itself.
Another reason why the difference between CD44 -CD25 -DN4 thymocytes in Dhh KO compared to the WT control was not significant, could be the low distribution of smo on this subpopulation of thymic cells as explained by Outram et al meaning that Dhh signaling at this stage usually does not have a big impact and so its absence on the KO mice makes little difference on thymic differentiation as suggested above. 3 The observed difference however, might become statistically significant + CD8 + thymocytes from Dhh KO mice were substantially higher than those isolated from the WT control. However, this difference was not up to statistical significance (calculated P = 0.79). Thymocytes at the DP stage have already committed to the T cell lineage according to Moore and Zlotnik, and have their αβ-TCR genes rearranged and expressed on the cell surface in the context of the mature αβ-TCR. 16 These cells are ready to undergo positive and negative selection. 17 It is only thymocytes that have a mature TCR on their cell surface that can undergo positive selection and differentiate to become a mature CD4 or CD8 single positive thymocyte. 18 Research that was conducted by Outram et al3 show that the percentage distribution of Ptc and smo, the two important receptor molecules in Hh signaling pathway, on DP CD4
+ thymocytes is lower than on all of the preceding stages of thymic development. Thus, the non-statistically significant difference between Dhh KO relative to the WT control counterpart at this stage of development could be attributable to this.
CONCLUSION
Desert hedgehog could be a negative regulator of development of thymocytes in mammals. This protein plays the biggest role of negative regulation at the double negative (CD4 -CD8 -) T cell developmental stages in the thymus, particularly at the DN3 (CD44 -CD25 + ) stage. It is therefore highly probable that Dhh, Shh and Ihh could have overlapping roles in thymic proliferation and differentiation because the latter two proteins have also been found to give a negative signal during T-cell development. 1, 3 It is hypothesized that differences in the pattern of expression of the various hedgehog proteins will determine where and when in the process of thymic development these proteins play their specific roles.
Recommendations
To even more accurately establish the role of Dhh signaling, there would need for further investigation with a larger sample size and more number of experiments to get more statistically significant results.
